The present paper aims to characterize the algal communities from Balta Mică a Brăilei Nature Park in terms of their species richness and their ability to reflect the water quality of the aquatic ecosystems they live in. Thirteen shallow floodplain lakes, both permanent and temporary, were considered for the present study, with 16 sampling occasions in 2012 and 2013. More than 300 algal taxa were identified, with the green algae (Chlorophyta) being the dominant phyla in almost all the sampling sites. The trophicity and the organic pollution reached high values in 2012, probably due to low water levels caused by drought. Spring floods from 2013 led to lower trophicity and saprobity levels in all sampled water pools.
INTRODUCTION
The characteristics of the sampled lakes depend mainly on the regional climatic variations. Thus, extended drought periods were recorded in 2012, which clearly influenced the water volume from the floodplain lakes: for example, the mean July temperature in 2012 was 26-28°C, with 4-6°C deviation against the multiannual mean from 1961 to 1990, with precipitation volumes not exceeding 10-20 mm in the Balta Mică a Brăilei area (data source: National Meteorological Administration, www.meteoromania.ro). These factors led to drastic drops of the water levels in all water bodies from the region. On the other hand, catastrophic floods took place in the upper and middle stretches of the Danube in spring 2013, with consequences on the water discharge of the river in the Balta Mică a Brăilei region (data source: National Institute of Hydrology and Water Management, www.inhga.ro). In fact, if we consider the mean Danube discharge values at Vadu Oii, Constanța County, just upstream of the Nature Park, we can divide the sampling periods into two categories: 1) months with low discharge values (June, July and September 2012, with discharges of 6,870, 4,340 and 3,040 m 3 /sec., respectively); and 2) months with high discharge values (April and June 2013, with 12,220 and 8,900 m 3 /sec., respectively) (data source: National Institute of Hydrology and Water Management, www.inhga.ro).
Seven sampling sites were located in the southern region of the Nature Park: lakes Japșa, Sbenghiosu, Lupoiu, Jigara, Curcubeu, Gâsca and Cortele (L1-L7); one site was located in the central area: lake Cucova (L8); while five sites were situated in the northern area: Lakes Lupu, Bordeiele, Stan, Iezerul Morilor and Chiriloaia (L9-L13) (Tab. 1; Fig. 1 ).
Most of the water bodies included for sampling were permanent shallow lakes, rich in submerged, emerged and floating vegetation; often connected with each other and with the Danube River or its arms. In a study conducted in the summer of 2008, Stănescu et al. (2009) characterized these permanent water pools as shallow, with a maximum water depth of 150 cm and an average depth of 85 cm; with smooth, indefinite shorelines created from alluvia transported inwards and outwards during floods. The largest lakes in terms of their surface were the following: lake Curcubeu (296 ha), lake Lupoiu (272 ha), lake Jigara (244 ha), lake Gâsca (203 ha) and lake Cucova (236 ha) (Stănescu et al., 2009 ).
Lake Japșa (L1) was the only temporary water pool from the 13 sites included in the present study. These temporary water bodies from the Balta Mică a Brăilei area usually become marshes in drought periods, having a shallower depth compared to permanent pools, not exceeding 100 cm, with a mean depth of 55 cm (Stănescu et al., 2009) .
The altitude differences between the floodplain lakes included in this study were minimal. In fact, the mean slope of the water surface was about 0.02‰ in the 83 km long Danube sector between Hârşova and Brăila (which includes our study area), meaning a drop of two cm in the water level for each river kilometer, when going downstream (Dimitriu et al., 2009 ). More importantly, the reference value of the Danube low water level was deeper compared to its floodplain lakes, so the general tendency of the waters in this area was to flow towards the stream beds of the Danube and its arms (Stănescu et al., 2009 ).
The samples were collected using a 30 µm mesh size phytoplankton net, and preserved in 4% formaldehyde. Several physical and chemical parameters were also measured at each site, using portable meters (Consort P902 for pH and YSI 52 for dissolved oxygen and water temperature). Identifications were made to the species level (Ettl and Gärtner, 1988 
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Principal Component Analysis (PCA), one of the most frequently used multivariate data analysis methods (Jolliffe, 2002) , was performed in order to visualize the sampling sites depending on several variables: water temperature, dissolved oxygen, pH, maximum depth and the Danube River discharge values.
The non-parametric Mann-Whitney test (Lehmann, 1975 ) was used to determine if the algal species richness differed in the lakes sampled in 2012 compared to those sampled in 2013. The similarity between the algal communities from the sampling sites was calculated using the Jaccard index (Washington, 1984) , which only uses qualitative data (presence/absence of the taxon).
Several trophicity and organic pollution indices based on phytoplankton community were considered (Willén, 2000) . The first one, the trophic index according to Heinonen (1980) is calculated as the ratio between the number of species indicating eutrophic conditions and the number of species indicating oligotrophic conditions. Values lower than eight indicate oligotrophic waters. The second trophicity index, the compound index, represents the number of species of Cyanoprokaryota, Chlorococcales, Centrales and Euglenophyta divided by the number of species belonging to Order Desmidiales (Nygaard, 1949) . Values below one indicate oligotrophic conditions, values between one and three mesotrophic conditions and values exceeding three eutrophic conditions. The organic pollution index calculated at the genus level (Palmer, 1969) Statistical analyses were performed using PAST software version 2.14-2012 and XLSTAT software -evaluation version 2013.5. 
RESULTS AND DISCUSSIONS Physico-chemical factors
The main physical and chemical parameters were recorded at each site (Tab. 2). pH values were circum-neutral, typical for most surface freshwater systems. Water temperatures recorded normal variations, higher in summer and lower in spring. The quantity of oxygen dissolved in water, on the other hand, was more variable, ranging from minimum values of three or four mg/L in small, shaded lakes (L7 -lake Cortele and L1 -lake Japșa), to maximum values of 10 or 11 mg/L caused by lower temperatures and spring mixing, in the sites sampled in April 2013.
The sampling lakes from Balta Mică a Brăilei Nature Park were aggregated in the Principal Component Analysis (PCA) biplot based on five physical and chemical parameters: the water temperature, maximum depth measured in situ, the Danube mean water discharge recorded in the sampling months at Vadu Oii (Constanța County), dissolved oxygen and the pH (Fig. 2) . Three groups were distinguished on axis F1, based on the first three parameters: 1) one including the lakes with maximum depth, high discharge, but low water temperatures, sampled in April 2013 (left in Fig. 2) ; 2) the second one including the lakes with minimum depth, low discharge, but high water temperatures, sampled in June, July and September 2012 (right in Fig. 2) ; and 3) the third one (middle in Fig. 2 ) with intermediate values.
Species richness
The algal communities recorded a heterogeneous structure, with planktonic and benthic taxa, which represented a typical situation for shallow floodplain lakes (Bellinger and Sigee, 2010) . A total number of 315 algal taxa from seven phyla were identified in the sampling sites. Chlorophyta (green algae) was the dominant phylum, with 42% of all taxa, followed by Bacillariophyta (28%), Euglenophyta (20%), Cyanophyta (6%) and Xanthophyta, Chrysophyta and Dinophyta, each with less than 2% (Tab. 3).
In fact, most freshwater shallow lakes are dominated by green algae and diatoms, with the first usually peaking in summer and the latter in spring and autumn (Bellinger and Sigee, 2010) . However, in the Danube Delta, similar floodplain lakes located less than 150 km away from Balta Mică a Brăilei Nature Park in straight line show a slightly different hierarchy of the dominant algal phyla in terms of species number: Bacillariophyta was the most numerous group, followed by Chlorophyta and Cyanophyta (Török, 2011) . This difference was caused by the fact that no running waters, usually dominated by diatoms, were sampled in the present paper.
Most of the sampled Chlorophyta taxa were planktonic, since only 17 out of the total number of 135 were true benthic species. However, in the lakes sampled in April and June 2013, during the river floods, green algae recorded a minimum number of species, ranging between one and six, because of their incapacity to remain in the water column during floods.
Diatoms dominated the algal communities from the lakes sampled during the spring floods, in April 2013, as number of taxa. The presence and composition of epiphytic diatom communities are used to detect floods in sediment records (Wiklund et al., 2010) . The majority of diatom species from Balta Mică a Brăilei Nature Park was represented by forms attached to substratum, since only 20 out of the total number of 87 diatom species were true planktonic. For example, in lake Chiriloaia (L13_27.04.13), 23 out of 29 diatom taxa were benthic, so they could be either brought by the Danube, or taken from the lake sediment due to the flood.
In contrast, Euglenoids were absent from the lakes sampled in April 2013, due to the high water volume and high water current that made their survival in the water column impossible. This absence could be also explained by the lower levels of organic matter present in the water, caused by the spring floods.
Similarly, a low number of Cyanophyta species was in April 2013, caused also by increases in water level, a similar situation to that cited in Mihaljević and Stević (2011 Lake Sbenghiosu recorded the highest species richness, with a total of 109 taxa (Fig. 3) . A higher number of taxa were identified in June, July and September 2012, compared to April and June 2013 (Mann-Whitney test U = 0; p = 0.00017; n 1 = 9; n 2 = 7). This is probably due to the differences in the Danube River discharge from one year to another: in 2013, drastic discharge increases led to a high volume of water entering the floodplain lakes, washing and reducing the algal species number, thus influencing the species richness.
A low similarity was recorded between the algal communities from the 13 sampling sites from Balta Mică a Brăilei Nature Park, even if most of the sampling lakes were located not far away from each other and some were even inter-connected through canals (Fig. 4) . The Jaccard similarity percentage did not exceed 30%, probably due to the high diversity of microhabitats characteristic to the 13 sampling lakes, mainly depending on the characteristic macrophytes (submerged, emerged or natant).
Three clusters were clearly separated, similar to those distinguished in the PCA biplot ( Fig. 2) : lakes sampled in June 2013, the ones sampled in April 2013 and those sampled in 2012. The only sampling site that did not fit into one of these was lake Japșa -L1 (Fig. 4) , due to its temporary character (lake Japșa was a shallow flooded area inside the Vărsătura Island). The distinctive separation between these clusters indicates the importance of the flood pulses, meaning that the structure of algal communities from Balta Mică a Brăilei Nature Park was highly dependent on the water-level fluctuations of the Danube, ranging from extreme low flows to maximum ones. In fact, pelagic food chains in river floodplain systems are primarily under hydrological control (Schiemer et al., 2006) . Thus, in order to maintain the biodiversity of the wetland, the connectivity between the river and its floodplain lakes must be preserved, together with a variable flow regime and a sufficient spatial scale (Opperman et al., 2010 ).
Water quality
Water quality of the 13 sampling lakes from Balta Mică a Brăilei Nature Park area was assessed in terms of trophicity and organic pollution (saprobity), using three main indices.
Water trophicity was evaluated by the trophic index Heinonen (1980) and the compound index (Nygaard, 1949) . The first one was impossible to calculate in lakes Jigara and Bordeiele (L4_21.07.12 and L10_26.09.12), because no oligotrophic species were found. The compound index was not estimated in lake Cortele (L7_20.07.12), due to the absence of species belonging to the Order Desmidiales.
In the other lakes, both indices indicated eutrophic waters in summer and autumn 2012, probably due to the nutrient concentration in the floodplain lakes, caused by the extended drought period from 2012, characterized by a lack of precipitation and high temperatures, which led to increased water evaporation (Fig. 5) . On the other hand, the trophicity level dropped in 2013, probably due to changes in hydrological conditions: the high water levels from April and June 2013 washed out some of the nutrients from the lakes.
The organic pollution index showed a similar status, with strong organic pollution in 2012, due to high quantities of decomposing organic matter accumulated during summer and autumn in the water pools. In 2013 however, organic pollution was relatively low, because of the spring flush, which washed away the organic matter, facilitating its mineralization (Fig. 5) .
Water bloom caused by Euglenophyta was detected in lake Sbenghiosu in July 2012. Indeed, euglenoids are known to be dominant in eutrophic lakes, where organic pollution is high (Tas and Gonulol, 2007; Bellinger and Sigee, 2010) .
The lower trophic and saprobic levels shown by the lakes from Balta Mică a Brăilei Nature Park in the period of high water levels from April and June 2013 are in accordance with other findings from the middle Danube River stretch. For example, Mihaljević et al. (2010) showed that the extreme flooding of the Danube from 2006 represented a stressor that led to the transition from turbid, eutrophic-hypertrophic conditions to a clear water state in the floodplain lake Sakadaš (Kopački Rit Nature Park, Croatia).
CONCLUSIONS
A total number of 315 algal taxa were identified through sampling 13 lakes from the Balta Mică a Brăilei Nature Park in 2012 and 2013, with 11 taxa cited for the first time in Romania. The algae identified were both planktonic and benthic forms, due to the shallow depth of the sampled water pools. During high water level periods (mostly April 2013), diatom species were numerous while green algae, euglenoids and blue-greens recorded drastic decreases in species number. The sampled lakes demonstrated great diversity in terms of microhabitats, with a corresponding diversity in algal community composition, even for lakes located quite close together.
Algal communities are dependent on the flood pulse events, and so is the trophicity and organic pollution of all the lakes from the Balta Mică a Brăilei Nature Park. The Danube brings nutrients during the spring floods; they concentrate in summer, when the lakes are isolated from the river and its arms, leading to increases in trophicity. Spring floods also wash out the decomposing organic matter accumulated in the water pools from the area, leading to accelerated mineralization and lower organic pollution. In fact, trophicity and saprobity of the sampling lakes were higher in 2012 compared to 2013, due to this flood pulse cycle.
